To compare relationships between severity and duration of diabetic macular edema (DME) and visual acuity (VA) observed in the PKC-DRS2 with those from the Early Treatment Diabetic Retinopathy Study (ETDRS) and to assess the effect of the orally administered PKC ␤ inhibitor ruboxistaurin (RBX) on these parameters. METHODS. In the PKC-DRS2, patients with moderately severe to very severe nonproliferative diabetic retinopathy (n ϭ 685) were randomly assigned to 32 mg/d RBX or placebo and followed up for 36 months with ETDRS VA measurements and fundus photographs (FP) every 3 to 6 months. Mean VA was calculated across all FP visits for eyes in each level of the ETDRS DME severity scale at those visits. For eyes with baseline VA Ն 20/40, relationships between change in VA from baseline to last visit and duration of severe DME were analyzed with linear regression. RESULTS. Mean VA decreased by approximately 22 letters between the mildest and most severe levels of the DME scale in the PKC-DRS2, compared with 27 letters in the ETDRS. In the placebo group, the rate of decrease in VA over time associated with duration of severe DME was 0.67 letters per month (24 letters over 36 months, compared with 20 letters over 28 -36 months in the ETDRS). This rate was 30% less in the RBX group (0.47 letter per month, P ϭ 0.022). CONCLUSIONS. The VA decrease in the PKC-DRS2 associated with long-standing DME agrees well with estimates from the ETDRS. RBX appears to ameliorate this decrease, an effect that could be important clinically. (ClinicalTrials.gov number, NCT00604383.) (Invest Ophthalmol Vis Sci. 2009;50:1-4) DOI:10.1167/iovs.08-2473 D iabetic retinopathy (DR) and diabetic macular edema (DME) are common complications of diabetes mellitus and frequent causes of visual impairment.
D
iabetic retinopathy (DR) and diabetic macular edema (DME) are common complications of diabetes mellitus and frequent causes of visual impairment.
1 DME features excessive permeability of retinal capillaries and inadequate fluid reabsorption leading to accumulation of fluid in the macula, sometimes resulting in retinal thickening at the macular center. 2 Many of the microvascular alterations in the eyes of patients with diabetes are thought to arise from hyperglycemiainduced activation of protein kinase C (PKC). Preclinical models of diabetes have demonstrated that activation of the PKC ␤ isoform results in increased neovascularization and retinal vascular permeability [3] [4] [5] which can be reduced with oral administration of ruboxistaurin (RBX), an isoform-specific inhibitor of PKC ␤. 6 -8 RBX has also been shown to normalize retinal circulation in patients with diabetes. 9 In the Protein Kinase C ␤ Inhibitor-Diabetic Retinopathy Study 2 (PKC-DRS2), oral administration of RBX (32 mg/d) reduced sustained moderate visual loss (SMVL; Ն15-letter loss on the Early Treatment Diabetic Retinopathy Study (ETDRS) chart sustained from months 30 through 36 or for the last 6 months of study participation in those who discontinued early) in patients with moderately severe to very severe nonproliferative diabetic retinopathy (NPDR) from 9.1% in placebo-treated patients to 5.5% in RBX-treated patients. 10 Treatment with RBX was also associated with less progression of DME to within 100 m of the macular center in eyes of patients who had clinically significant macular edema (CSME) at baseline and with less frequent initial application of photocoagulation for DME in study eyes without prior history of such treatment at baseline. 10 In the PKC-Diabetic Macular Edema Study, which was designed to test the effect of RBX on non-center-involved DME, RBX treatment also showed a beneficial effect on DME progression relative to placebo.
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In previous reports regarding RBX treatment, morphologic changes in DME severity and changes in VA have been analyzed separately. In this study, our objective was to use the recently developed ETDRS DME severity scale 12 to assess relationships between severity and duration of DME and VA and to examine the effect of RBX treatment on them. We chose the PKC-DRS2 for these analyses because it included eyes with a broad range of DME severity. Even so, the number of eyes in which severe DME was observed for long periods was small. The outcomes reported herein are not the primary endpoints of the trial.
METHODS

Study Design
The study design and methods have been published previously. 10 Briefly, the PKC-DRS2 was a multicenter, parallel, placebo-controlled, double-masked clinical trial. Patients in the PKC-DRS2 were randomly assigned to receive RBX 32 mg/d (n ϭ 345) or placebo (n ϭ 340) orally and were observed for 36 to 42 months. The study was conducted at 70 investigative sites in the United States.
The study was conducted in accordance with the ethical principles stated in the Declaration of Helsinki and guidelines for good clinical practices. Approval of the study protocol by the ethics review board of each study site, and signed informed consent from each patient enrolled was obtained before the studies began.
Patients
The main inclusion criteria were (1) diagnosis of type 1 or 2 diabetes, (2) age Ն 18 years, (3) hemoglobin A 1C Յ 13%, (4) no previous history of panretinal photocoagulation, (5) best corrected VA score of 45 or more letters on the ETDRS chart (ϳ20/120 or better), 13 and (5) moderately severe to very severe NPDR (ETDRS retinopathy levels Ն 47A and Յ53E).
14 Any level of DME was allowed, including none. All patients had to have at least one eye that met the entry criteria. If the fellow eye had retinopathy severity less than proliferative DR without prior panretinal photocoagulation, both eyes were considered to be study eyes. Otherwise, only the eligible eye was considered to be a study eye. Only data from study eyes were analyzed.
Ophthalmic Evaluation
Best corrected VA was measured with the ETDRS protocol 13 at screening and at each visit. Ophthalmic examination performed at each visit included ophthalmoscopy, slit lamp biomicroscopy, Age-Related Eye Disease Study (AREDS) clinical lens grading, and measurement of intraocular pressure. Stereoscopic fundus photographs were taken at baseline, 3 and 6 months, and every 6 months thereafter.
ETDRS DME Severity Scale
The scale was constructed by cross-classifying the area of retinal thickening within one optic disc diameter (DD) of the macular center by degree of thickening at the center estimated from stereoscopic fundus photographs of each eye of 3711 patients enrolled in the ETDRS. 12 Mean baseline VA was calculated for the eyes in each of the 24 cells in the table, and cells with similar VA were combined by using cluster analysis to create a scale with five major steps, some of which have subdivisions. Levels of particular interest in our analyses are levels 1A and 1B combined (no retinal thickening within 1 DD of the macular center) and levels 4 or greater combined (mild to severe retinal thickening at the macular center and 1 to 4 disc areas of retinal thickening within 1 DD of the center). The intermediate levels (1C, 2, 3A, and 3B) had lesser areas of retinal thickening and/or less or no thickening at the macular center.
Statistical Analyses
Data were analyzed by using a modified intent-to-treat population (all enrolled patients with a baseline and at least one postbaseline measurement of that particular endpoint). Linear regression was used to examine the relationship between duration of DME in ETDRS DME severity level 4 or 5 (designated severe) and baseline-to-endpoint change in VA among eyes with baseline VA score Ն 70 letters (ϳ20/40 or better). The analysis was limited to eyes with baseline VA Ն 70 letters because we considered it likely that many eyes with baseline VA Ͻ 70 letters had already had long periods of severe DME before baseline, making our estimates of duration less reliable. At baseline, 45% of eyes with VA Ͻ 70 letters had severe DME compared with 11% of eyes with VA Ն 70 letters. To define the duration of DME, at each follow-up visit with DME level Ն 4, severe DME was assumed to have been present since the most recent follow-up visit with gradable photographs (regardless of DME level at that visit) and all such intervals were summed. The probabilities were not adjusted for multiple comparisons.
RESULTS
Relationship between DME Severity and VA
The relationship between DME severity on the ETDRS DME scale and VA is shown in Figure 1 . DME severity and VA were assessed cross-sectionally at each visit, without regard to previous values. Mean VA was calculated for all visits at the specified DME level, without regard to duration of DME at that level. Mean VA decreased from approximately 80 letters in level 1AB to Ͻ60 letters in level 5B, and there was little difference between the placebo and RBX-treated groups.
Relationship between Duration of Severe DME and VA
The relationship between duration of severe DME (ETDRS DME level Ն 4) and VA was assessed by analyzing the distribution of baseline-to-endpoint change in VA by duration of severe DME during the study among eyes with baseline VA Ն 70 letters. The baseline distributions of ocular factors that might influence this relationship were similar in the placebo and RBX groups (Table 1 ). In placebo-treated patients ( Fig. 2A) , there was progressively greater decline in VA with increasing duration of severe DME. There was no decrease in median VA in the 304 eyes that never exhibited severe DME at any visit during follow-up in the trial (8 of these eyes had severe DME at baseline but not at any follow-up visit, as did 14 of the corre- 
ETDRS DME
FIGURE 1.
Mean VA in the eyes of placebo-or RBX-treated patients at all follow-up visits by DME severity categorized using the ETDRS DME severity scale. The number of eye-visits at each DME severity level is presented on each bar, and each visit was treated as a different observation. Mean VA (ETDRS letters correct) is reported.
sponding eyes in the RBX group). In the 161 eyes in the placebo group that had severe DME at one or more follow-up visits, the decline in VA grew progressively greater with longer duration of DME of this severity (Ϫ0.63 letters per month, P for trend ϭ 0.0002). Among RBX-treated eyes (Fig. 2B ) there were 124 that had severe DME at one or more follow-up visits and in them there appears to have been less decline in VA for a given duration of severe DME (Ϫ0.30 letters per month, P for trend ϭ 0.0332; P ϭ 0.010 for difference in slopes between Figs. 2A, 2B ). In similar analyses in eyes with baseline VA Ͻ 70 letters, no relationship between duration of severe DME and VA loss was apparent in either treatment group (data not shown).
The results shown in Figure 2 and just described were not adjusted for baseline factors that might be predictive of baseline-to-endpoint change in VA. In a regression analysis of this outcome that included such factors, as well as duration of severe DME and treatment, there was a strong interaction (P ϭ 0.0019) between treatment and duration of severe DME. Accordingly, similar analyses, which included baseline levels for ETDRS DR severity (Ն47B vs. Ͻ47B), ETDRS DME severity (Ն4 vs. Ͻ4), VA (letters), and history of prior photocoagulation for DME, in addition to duration of severe DME, were performed separately in each treatment group. In the placebo group, the estimate for the effect of duration of severe DME was 0.67 letters lost per month of severe DME (P Ͻ 0.0001), corresponding to 24 letters over the 36-month duration of the trial (74% of patients completed at least 36 months of follow-up). From baseline to endpoint, on average, eyes with prior photocoagulation for DME lost 2.1 fewer letters than those without (P ϭ 0.073); eyes in ETDRS DR severity level Ն 47B lost 1.7 more letters than those in level Յ 47A (P ϭ 0.13), and for every 5-letter decrease in baseline VA, eyes lost 0.8 fewer letters (P ϭ 0.093).
In the RBX group, the estimate for the effect of duration of severe DME was 0.47 letters lost per month of severe DME (P Ͻ 0.0001), corresponding to 17 letters over the 36-month duration of the trial. P for difference between the placebo and RBX groups in the effect of duration was 0.022. In this analysis, prior photocoagulation was not prognostic, whereas results for DR severity and baseline VA were similar to those in the placebo group analysis: eyes in level Ն 47B lost 2.0 more letters (P ϭ 0.024) and for every 5-letter decrease in baseline VA, eyes lost 1.1 fewer letters (P ϭ 0.0039). In the RBX analysis, unlike the analysis in the placebo group, baseline DME severity level appeared to be a risk factor; eyes in DME level Ն 4 at baseline lost 5.7 fewer letters than those in level Ͻ 4 (P ϭ 0.0002).
DISCUSSION
The 20-letter decrease in concurrent VA between levels 1AB and 5B of the ETDRS DME severity scale, in an analysis that did not take duration of DME into account (Fig. 1) , was similar to that reported for the baseline data used in developing the scale. 12 ETDRS analyses using the scale and taking duration of DME into account are, to our knowledge, the first to document the association of decreasing VA with increasing duration of DME, although this association has long been recognized on Data are the number of eyes (% of total). the basis of clinical experience. Our observation of a VA loss of 0.63 letters per month of severe DME in the eyes of placebotreated patients, corresponding to 23 letters over a 36-month period, was in good agreement with the median 4-line (ϳ20-letter) loss over a 28-to 36-month period reported in ETDRS eyes. 12 This agreement, in a data set independent from that used in developing the ETDRS scale, supports the generalizability of the ETDRS findings. In the eyes of RBX-treated patients, the (unadjusted) rate of loss was about one half as great, 0.30 letters per month (P ϭ 0.010 for the difference between slopes). This difference suggests that RBX may ameliorate the vision-damaging effect of long periods of severe DME.
In placebo-treated patients adjustment for baseline factors (ETDRS DR severity level, VA, ETDRS DME severity level, prior photocoagulation for DME) had little impact on the rate of visual loss with increasing duration of severe DME (0.63 and 0.67 letters lost per month, respectively, in unadjusted and adjusted analyses). In RBX-treated patients, in an analysis adjusted for these same factors, the rate of visual loss changed from 0.30 to 0.47 letters lost per month of severe DME, apparently as a result of an independent effect on eyes in ETDRS DME severity level Ն 4 at baseline, which lost 5.7 fewer letters between baseline and endpoint than eyes in less severe levels. In these adjusted analyses, the RBX-treated group had a 30% decrease in the rate of visual loss per month of duration of severe DME (P ϭ 0.022).
If RBX does provide some degree of protection against the vision-damaging effect of retinal edema, in addition to its effect in reducing retinal thickening, it could be important clinically for eyes in which retinal thickening persists despite treatments intended to reduce it. This protective effect may also be of theoretical interest as a possible manifestation of neuroprotection. 15 , 16 The outcomes presented in this report were not the primary endpoints of the trial and were not prospectively defined. There are several additional limitations. Although the number of eyes analyzed in each treatment group was almost 500, approximately 300 in each group never exhibited severe DME during follow-up, and the number with severe DME for 18 months or longer were small (28 and 36, respectively, in the placebo and RBX groups). Patients were randomly assigned to placebo or RBX, but approximately 20% of study eyes were excluded (those with baseline VA Ͻ 70 letters). However, the groups were well balanced on baseline factors, and bias is unlikely because VA examiners and photograph graders were masked to treatment group. Moreover, our estimate of the rate of VA loss with duration of severe DME in the placebo group is similar to that reported for the sevenfold larger number of eyes in the ETDRS and consistent with the clinical impression that eyes in which severe DME persists for several years are likely to lose several lines of VA.
In summary, concurrent analyses of DME severity and VA in the PKC-DRS2 provide confirmation of ETDRS analyses documenting the increasing VA loss associated with increasing duration of severe DME and suggest that RBX treatment may ameliorate this edema-associated visual decline.
